An experiment was conducted to assess the impact of flucetosulfuron, a new generation sulfonylurea herbicide, on weed seed bank dynamics of wet land paddy field. Field experiments were carried out during two consecutive seasons (Kharif 2016 and Rabi 2016-'17), to assess the bio-efficacy of flucetosulfuron in wet seeded rice which was accompanied by weed seed bank assay. Weed seed bank assay of the soil was carried out before and after the field experiments in both the seasons by the seedling emergence method. The experiment on weed seed bank was laid out in Completely Randomised Block Design (CRD) with 12 treatments replicated thrice. Flucetosulfuron @ 20, 25, and 30 g ha -1 applied at 2-3, 10-12, and 18-20 days after sowing (DAS) along with two control treatments viz., hand weeding at 20 and 40 DAS and unweeded control comprised the treatments. The emerging weeds were uprooted at 14 days interval up to a period of two months; categorized as grasses, broad leaved weeds, and sedges and counted. Results revealed that non-herbicidal plots recorded significantly higher count of total emerged weeds compared to herbicide applied plots. In all the herbicide applied plots, effective reduction in weed seed bank could be obtained irrespective of the dose of the herbicide. Regarding the time of application, flucetosulfuron applied at 10-12 and 18-20 DAS recorded significantly lower weed seed bank during both the seasons, compared to its application at 2-3 DAS.
INTRODUCTION
The weed seed bank can be defined as the reserve of viable weed seeds present in the soil surface and are scattered throughout the soil profile (Singh et al., 2012) . Weed seed bank consists of both recently shed new weed seeds and older seeds that have persisted in the soil from previous years (Menalled, 2013) . According to Hossain and Begum (2015) , soil seed bank is an important component of the life cycle of weeds. The soil weed seed bank is a dynamic system consisting of inputs and outputs. The inputs occur through seed rain as an outcome of effective dispersal mechanisms (wind, water, animals and human interventions) and the outputs using sprouting, predation (Chauhan et al., 2010) and seed decay or death (Mohler et al., 2012) . In the rice field, many weed species occur which can produce enormous number of small seeds and vegetative propagules as an approach to subsist the pressures imposed by weed control methods (Munhoz and Felfli, 2006) . Such seeds may remain on the soil surface or get buried after dispersal using biotic and abiotic agents, thus forming a potential seed bank which becomes the main source of weeds in rice cropping fields (Mesquita, 2017) . Weed seedbanks are the main source of weed infestation in crops, and seed bank dynamics regulate the communities of many of the most important weed species (Barberi and Lo Cascio, 2001 ). In rice fields, the size of the weed seedbank is highly flexible depending on the climate, relief position, soil moisture content, depth of sampling, cropping history of the areas, and management practices used by farmers (Mesquita, 2017) . The size and configuration of weed seed banks and weed populaces can be reformed by the use of herbicides, planting methods, and the use of rice cultivars which are being commonly used by the farmers (Bhagat et al. 1999 ). According to Hossain and Begum (2015) , herbicides, crop rotation, tillage, and mulching are the factors affecting size of weed seed bank. Seed banks perform the role of solitary source of future weed populations of the both annual and perennial weed species, which reproduce only using seeds. (Hossain and Begum, 2015) . Hence, manipulation of the weed population through the weed seed bank is an important weed management option for such weeds (Wilson et al., 1985) . According to Ambrosio et al. (2004) , understanding of seed bank is necessary, for representing studies of population dynamics or for establishment of weed control programmes. Therefore, understanding seed bank composition is important to develop efficient weed management strategies (Feng et al., 2015) . Hossain and Begum (2015) reported that understanding fate of seeds in the seed bank can be an important component of overall weed control. Hence, weed seed bank assay can be taken as a criteria to evaluate different weed management practices and the methods which effectively reduce weed seed bank could be marked as efficient methods for weed control. It was also reported that pre-harvest applications of glyphosate can decrease seed production and impact seed viability in late flowering weeds. Nevertheless, the slow action of glyphosate indicates that weeds must be managed effectively before the plant sheds its seed near maturity. Under direct seeded rice cultivation (DSR), weeds are the major challenge for crop growth and its effective management is inevitable in order to attain potential productivity. In large scale rice farming, herbicide-based weed management has become the smartest and most viable option because of the scarcity and high wages of labour (Anwar et al., 2012) . Sulfonyl urea groups of herbicides are low dose high efficacy herbicides having acetolactase synthase (ALS) inhibition as mode of action in plants and is found to be safer for mammals. Flucetosulfuron is such a new generation herbicide having wider application window (0-25 days). Keeping the above in view, the present study has been proposed to evaluate the impact of flucetosulfuron on weed seed bank and identification of its most suitable dose and time of application for effective reduction in weed seed bank.
MATERIALS AND METHODS
The overall study was accomplished by performing two sets of experiment: Field experiment and weed seed bank assay which is based on the pot culture experiment. ), and medium in available nitrogen (291 kg ha -1 ). At the time of sowing a thin film of water was maintained in the field and it was gradually increased to 5 cm at tillering and maintained till two weeks before harvest. Just before herbicide application, the field was drained, and reflooded 48 hours after application. Just before lime application also the field was drained and was repeatedly washed two days after application. Weed seed bank assay (Pot culture experiment): Weed seed bank assay of the soil was carried out before and after the first and second crop, by the seedling emergence method (Luschei, 2003) , using CRD. Soil samples were collected at a depth of 15 cm, from each treatment, using a soil auger. Samples were cleaned of debris, larger clods were crushed and homogenized and 1 Kg soil was transferred to germination trays of 26-cm diameter and a depth of 4-cm. The samples were protected from birds and other predators and entry of foreign seeds by using nets and adequate mois-ture condition was maintained in the seed trays. Emerging weeds were uprooted, categorized as grasses, broad leaved weeds, and sedges and weed count was taken at fortnightly intervals. At each observation, destructive sampling was done. Seed trays were further maintained and sampling procedure repeated up to 56 days. Statistical analysis: Since the data were on weed count and weed dry weight, which showed wide variation among treatments, all the data were subjected to square root transformation and analysed using Analysis of Variance techniques (ANOVA).
RESULTS AND DISCUSSION
Weed flora composition: Grasses (Isachne miliacea, Echinochloa stagnina, E. crusgalli and E. colona), broadleaved weeds (Limnocharis flava, Commelina diffusa, Monochoria vaginalis, Marsilea quadrifolia, Ludwigia perennis, and Lindernia rotundifolia), and sedges (Schoenoplectus pungens, Cyperus haspen, C. iria and C. difformis) were the different groups of weeds emerged from the soil. Among them, broadleaved weeds contributed more to the population followed by sedges and least contribution was from grasses to the seed bank.
Grasses: Critical analysis of the data on effect of flucetosulfuron on the emergence of grasses from the soil seed bank during both the seasons (Table1 and 2) revealed that weed management practices significantly influenced the emergence of grasses. However, before the experiment, (i.e., Kharif 2016 and Rabi 2016-17), there was no significant difference among the treatments on the number of grasses emerged from the soil seed bank, at different time intervals. After Kharif 2016, flucetosulfuron @ 25 g ha -1 at 10 -12 DAS, recorded the lowest number of grasses emerged over 56 days and was found to be on par with its application @ 20 and 30 gha at 10-12 DAS. Non-herbicidal plots recorded significantly higher number for emergence of grasses which was followed by the application of flucetosulfuron @ 20, 25, and 30 g ha Better the weed management practice, lesser will be the weed seed bank. Weed infestation without herbicide application was more severe under direct-seeding practice resulting in higher weed seed bank size. Islam (2012) also opined that the seed number and species composition of the seed bank were influenced by herbicide application.
Broadleaved weeds: Perusal of data on the emergence of broad leaved weeds from the soil seed bank, before both the seasons (Table 1 and 2), revealed that, just as in the case of grasses, there was no significant difference among the treatments on the emergence of broadleaved weeds. However, analysis of the data, after both the seasons, revealed that application of flucetosulfuron @ 25 g ha -1 at 10-12 DAS recorded the lowest number of broad leaved weeds emerged from the soil which was found to be on par with its application @ 20 and 30 g ha -1 at 10-12 DAS as well as with its application @ 20, 25, and 30 g ha Mesquita (2017) that herbicides are effective in reducing weed populations and hence the number of seeds added to the soil seed bank. Pereira et al. (2013) found that before the application of the herbicide treatments there was the highest number of viable weed seeds in the study area and over the application of metalachlor+diuron and diuron + pendimethalin the number of weed seeds were reduced effectively. at 18-20 DAS during both the seasons (Table 1 and 2). Significantly higher number of sedges emerged from the soil seed bank was reported from application of flucetosulfuron at 2-3 DAS for all the three doses. However, the highest number of sedges was recorded from unweeded control during both the crop seasons. Higher number of sedges emerged from the soil seed bank in nonherbicidal treatments compared to herbicidal treatments. Compared to unweeded control, population of sedges was reduced by 36.78 to 39.89 % and 45.14 to 50.42 % respectively after the Note: The data were subjected to square root transformation and the values given in parentheses are original values; NS-Non-significant Table 4 . Correlation between total weeds emerged up to 56 DAS in weed seed bank assay and total weed density and total weed dry weight at 60 DAS from the field experiment. Barberi et al. (1998) . Critical analysis of the data on total number of weeds emerged over 56 days (Table 3) (Table 4) between total weeds emerged up to 56 DAS at fortnightly interval in weed seed assay and total weed density and total weed dry weight at 60 DAS in field experiment revealed significant positive correlations. For correlation analysis, 36 pairs of observations were taken. It is evident that the weed density and weed dry weight in the field, significantly influenced the weed seed bank. Flucetosulfuron applied at 10-12 and 18-20 DAS recorded significantly lower weed dry weights during both the crop seasons compared to other weed management practices adopted. This result has directly reflected on the outcome of the weed seed bank assay.In the seed bank assay also, the lowest count of total weeds was recorded from plots where flucetosulfuron was applied at 10-12 and 18-20 DAS irrespective of their doses of application. These results are in conformity with the findings of Teasdale et al. (2004) , who reported that initial weed population is directly related to the density of seeds in the seed bank. The lesser the weeds in the field, the lesser would be the seed rain. According to Hossain et al. (2014) ; Barros (2013) herbicides are very effective in reducing the weed populations and at the same time the number of seeds added to the soil seed bank. But, there is an exception in the case of hand weeding. In the field experiment, even though the seed density and weed dry weight of hand weeding twice treatment (T11) was comparable to the best herbicidal treatments, this effect was not manifested on the weed seed bank which is clearly evident from the results of weed seed bank assay. This could probably because unlike herbicidal treatment, the soil seed bank was unaffected by hand weeding treatment, where in only emerged weed seedlings were removed. The count of total weeds emerged from soil receiving hand weeding treatment was on par with that from unweeded check. From these results, it is clear that application of flucetosulfuron at 10-12 and 18-20 DAS could significantly deplete soil weed seed bank compared to the other weed management practices adopted.
Conclusion
The total number of grasses, broadleaved weeds and sedges emerged at 14, 28, 42 and 56 DAI was significantly lower when flucetosulfuron was applied @ 20, 25 and 30 g ha -1 at 10-12 and 18-20 DAS compared to the application of herbicide at 2-3 DAS in the field experiment indicating its efficacy in depleting the weed seed bank in post experiment soil.
